Dolphin whistles are emitted especially during social interactions and feeding activities involving group cohesion, individual recognition and recruitment. This paper presents a new methodology to describe and compare the whistle repertoire of dolphins. It consists on first extracting the whistle contour using Matlab BELUGA, then classifying whistles into whistle types using Matlab ARTwarp, next classifying whistle types into four general categories (high complexity, low complexity, linear long, and linear short), and finally computing a complexity index and a proportional variability of the whistle repertoire. The method was tested with whistles from captive and wild bottlenose dolphins, Tursiops truncatus, and from wild Guiana dolphins, Sotalia guianensis. Results obtained showed that this very simple method is useful to describe the whistle repertoire and to compare it according to the activity of dolphins, and between species. It is necessary to implement new methodologies like this one to better understand how dolphins are using whistles, since acoustic communication is the most important sense in dolphin species. This is specially important in areas where dolphins are exposed to humans, and where underwater visibility is limited, like Laguna de Términos,
Dolphin whistles are emitted especially during social interactions and feeding activities involving group cohesion, individual recognition and recruitment (Janik and Slater, 1998; Sayigh et al., 2007) . They are frequency modulated sounds almost omnidirectional (Lammers and Au, 2003) , with a duration between 0.1 and 3.6 s and a fundamental frequency between 1 and 35 kHz (Bazúa Durán, 2010) , and have been the primary focus of dolphin research to understand how dolphins communicate. This paper presents a new methodology to describe and compare the whistle repertoire of dolphins. Current whistle analysis methods disagree in the way whistles are classified (e.g., Buck and Tyack, 1993; Janik, 1999; Datta and Sturtivant, 2002; Deecke and Janik, 2006) , thus results are not always comparable (Janik, 1999; Bazúa-Durán and Au, 2002) , and only in some occasions results have biological significance (Janik, 1999; López Rivas and Bazúa-Durán, 2010) . Therefore, researchers need to develop analysis methods that help in avoiding such bias.
METHODOLOGY
In this paper we studied the dolphin whistle repertoire by first extracting the whistle contour using Matlab software version 6.5 subroutine named BELUGA (Deecke and Janik, 2006) , then classifying whistles into whistle types using Matlab software version 7 subroutine named ARTwarp, a neural network that includes dynamic timewarping and considering 90% of similarity (Deecke and Janik, 2006) . A proportional variability of the whistle repertoire (PV) was first calculated by dividing the number of whistle types by the total number of whistles and was expressed as a percentage (Sarmiento Ponce, 2011). Next, whistle types were reclassifyed into four general categories (high modulation, low modulation, linear long, and linear short, Table I ) and a weight was assigned to each general category to compute a complexity index of the whistle repertoire (CI), as follows (Sarmiento Ponce, 2011):
Both parameters represent a fraction and have values between cero and one (or between 0 and 100 for the proportional variability). The closer the proportional variability is from 100, the more variable the whistle repertoire is and the less each whistle type was used. The closer the complexity index is from one, the more complex the whistle repertoire is. We chose to measure these two new parameters because previous studies that used a classification of whistles into six categories (i.e., upsweep, downsweep, concave, convex, sine, and constant; Bazúa Durán and Au 2002 , Bazúa Durán 2004 , Cook et al. 2004 , Azevedo and Van Sluys 2005 are biased because results depend on the researcher, categories are discrete, and whistles are a continuum (Bazúa Durán and Au 2002) .
Since ARTwarp could not accomplish whistle categorization after 100 iterations (Deecke and Janik, 2006) , the data set was partitioned into two or more parts according to the whistle contour to obtain the whistle repertoire. Cross validation of whistle categorization was made to avoid duplicating whistle type categories. Then, the whistle repertoire was formed by the ARTwarp output of all categorizations made after eliminating duplicated categories.
This method was tested with whistles from captive bottlenose dolphins, Tursiops truncatus, housed in two aquaria in Mexico City (Sarmiento Ponce, 2011), from wild bottlenose dolphins in Laguna de Términos, a Marine Protected Area at the southern Gulf of Mexico (Bazúa-Durán and Delgado-Estrella, 2009), and from wild Guiana dolphins, Sotalia guianensis, in Bahía Cispatá at the southern part of Golfo de Morrosquillo, Colombia (Caballero et al., 2007; . Captive bottlenose dolphin's age was also considered for analysis as adults older than 13 years in aquarium 1, and adults older than 7 years in aquarium 2. Wild bottlenose dolphin's activity was considered for analysis as feeding, traveling, socializing and resting.
Acoustic recordings were made using omnidirectional transducers model 8200 (-198±1 dB 
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RESULTS
The data set consisted of 724 whistles for captive bottlenose dolphins, 1113 whistles for wild bottlenose dolphins, and 260 whistles for wild Guiana dolphins. Results show that no differences were found in the structure and use of the whistle repertoire by captive and wild bottlenose dolphins (Table II) . Bottlenose dolphin whistles were moderately complex, with a relatively large whistle repertoire, which they used quite extensively. When considering captive bottlenose dolphin's age, adult bottlenose dolphins in aquarium 1 had a smaller repertoire of less variable whistles (38 types, CI=0.57, PV=13.7%) than younger dolphins in aquarium 2 (50 types, CI=0.58, PV=11.2%), and used it more frequently (Sarmiento Ponce, 2011). When considering wild bottlenose dolphin's activity (e.g., feeding, travel, socializing and resting), feeding (26 types, CI=0.47, PV=5.9%) and socializing (21 types, CI=0.62, PV=7.0%) dolphins emitted the largest number of whistle types, but feeding whistles were less complex than social whistles; traveling dolphins emitted the least complex whistles (18 types, CI=0.40, PV=7.3%), while resting dolphins emitted the fewer number of whistle types, but the more complex ones (6 types, CI=0.63, PV=12.0%) (González Leal in progress).
Guiana dolphins were very short, thus all whistles of less than 0.21 s were not classified using ARTwarp and were considered as a single category of whistle type (61% of all 260 whistles), that was included as part of the general category of linear short whistles to compute the complexity index (Rodríguez Bohorquez in progress). We chose 0.21 s because it is the duration mean of the 260 Guiana dolphin whistles studied. Guiana dolphin whistles were, then, simple, with a less diverse repertoire that was used frequently (Table II) . 
DISCUSSION AND CONCLUSIONS
Results obtained showed that this very simple method based on computing the complexity index and proportional variability of the whistle repertoire is useful to describe the whistle repertoire of dolphins and to compare it between species, and according to the activity of dolphins. The Guiana dolphin whistle repertoire was less complex than the bottlenose dolphin whistle repertoire. Both species are coastal, feed during the day, and live in fission-fussion societies, but have differences in their population structure characteristics, thus different social structure and life histories (Mann et al., 2000; Wells and Scott, 2002; García and Trujillo, 2004) . Our results, as Azevedo and Van Sluys (2005) and May-Collado and Watzok (2009) studies that described the whistle repertoire using traditional whistle measures, support the hypothesis of Bazúa Durán (2004) , also based on traditional whistle measures, that the whistle repertoire of Guiana dolphins may be similar in complexity than the spinner dolphin, Stenella longirostris, whistle repertoire due to population structure similarities (see also May-Collado et al., 2007) , and being very different from the bottlenose dolphin whistle repertoire.
It is necessary to implement new methodologies like this one to better understand how dolphins are using whistles, since acoustic communication is the most important sense in dolphin species. This is specially important in areas where dolphins are exposed to humans, and where underwater visibility is limited, like Laguna de Términos, a Marine Protected Area in Mexico.
